Maize leaf plays an important role in the synthesis of organic compounds. It hosts the interception of light energy and conversion to organic energy, and the capture and assimilation of carbon dioxide in order to produce food. In this study, we explore the heritability of the maize leaf length, leaf width, and the number of leaves of two maize genotypes, JNE and BLC. The estimates of heritability varied from 0.2 to 0.44. Only estimates for leaf width and leaf length are significant. The coefficients of genotypic correlation were between 0.45 and 0.66, and like the estimates of heritability, only the genotypic correlations between parents and offspring are significant for leaf length and leaf width of the two genotypes. The estimates of degree of genetic determination also known as heritability in the broad sense are all high. They range between 0.52 and 0.85. We determined a significance criterion for the degree of genetic determination, the critical value at the level of significance  = 0.05. We evaluated three methods for finding the critical value. With two methods based on the algebraic transformation of a function of the Snedecor's F and a simulation based on that function of F, it can be concluded that the estimates of the degree of genetic determination of leaf width of both the JNE and BLC genotypes are significant. With the third method that is based on fitting a Beta distribution, the critical value helped to conclude that none of the estimates of the degree of genetic determination is significant. The Pearson coefficients of correlation between plant height and all three leaf traits showed significant correlation between them, except leaf length and number of leaves.
INTRODUCTION
The leaves of maize plant produce food for the growth and development of the plant. They are the main source of assimilate production that feeds the growth and development of the plant; soon after the third leaf fully emerges and photosynthesis starts. This important role of maize leaves carries on until senescence. They *Corresponding author. E-mail: sekadag@hotmail.com, seka.d@iugb.edu.ci. Tel:(225)0936 6895.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License significantly contribute to the production of food and raw materials for human use, and generate an enormous interest in maize improvement. Maize is the third most important food crop in terms of worldwide use (Leakey et al., 2004) and demand for maize's harvest continues to increase. The continuous improvement of maize grain yield needed to meet the increasing demand requires finding ways to increase photosynthesis per unit leaf area. There has been little change in the rate of photosynthesis per unit leaf area and any effort to improve the rate of photosynthesis would further increase yield (Richards, 2000; Long et al., 2006) . The enzyme, ribulose-1,5-biphosphate carboxylase/oxygenase (Rubisco), which catalyzes the carbon fixation for the production of assimilate has been the effect of extensive studies to see how it can be used to improve the rate of photosynthesis (Salesse-Smith et al., 2018; Parry et al., 2012; Crafts-Brandner and Salvucci, 2002; Richards, 2000; Morales et al., 1999) . Recently, Salesse-Smith et al. (2018) found that the addition of the Rubisco assembly chaperone results in an increase of the content of maize leaf Rubisco and CO2 assimilation. That finding suggests that maize plant biomass and yield could be significantly improved by improving efficiency of the plant leaf to assimilate more CO2 molecules (Salesse-Smith et al., 2018; Long et al., 2006; Crafts-Brandner and Salvucci, 2002) . Higher amount of Rubisco activase in the maize leaf is also needed to activate Rubisco and increase photosynthesis (Morales et al., 1999; Martinez-Barajas et al., 1997) . Increasing the enzyme contents of Rubisco and Rubisco activase in the leaf of maize plant will certainly increase net assimilate production per unit leaf area. However, more exposure of maize leaf surface to sunlight is needed to complement that effort.
In addition to their role in providing food for human consumption, maize leaves are at the forefront of the struggle against the rising earth temperature. Even though the enzyme Rubisco activase is sensitive to heat stress (Ainsworth and Ort, 2010; Parry et al., 2012; Craft-Brandner and Salvucci, 2000) , the maize plant does adjust to heat stress by synthesizing an enzyme that is similar to Rubisco activase (Craft-Brandner and Salvucci, 2002) and causes the activation of Rubisco at relatively high temperature. That property of maize leaves makes the plant suitable for a possible increase of earth temperature linked to the continuous burning of fossil fuels. In addition, CO2 uptake and photosynthesis significantly increase with the concomitant efficient use of water under projected increase of atmospheric CO2 concentration (Leakey et al., 2004) .
It is therefore crucial to identify cultivars with architecturally distributed leaves around the plants that reduce shading of leaves and harvest more sunlight and intercept more CO2 molecules for increased photosynthesis (Huang et al., 2017) . Different combinations of leaf area and leaf angle define the canopy structure and influence canopy photosynthesis (Stewart et al., 2013) . Leaf angle has shown to be the most important trait in the rearrangement of canopy structure to better adapt to higher plant densities and still maintain high photosynthetic activities and higher yield (Lauer et al., 2012; Pendleton et al., 1968) . The natural inclination of the maize leaf to orient itself in order to capture the most sunlight, the effect of planting density, the environment, and the genetic effect control leaf angle. With the progressive increase in planting densities in the past few decades, the genetic basis of leaf angle has got more attention in the attempt to develop new hybrids with more upright leaves that harness more energy from the sunlight, increase the rate of photosynthesis per unit leaf area and yield (Li et al., 2015; Chen et al., 2015; Tian et al., 2011; Mickelson et al., 2002) . Leaf area and canopy architecture are important parameters to consider in the attempt to increase yield per plant. In addition to leaf angle that has received enormous attention, understanding the genetics of maize leaf length, leaf width and number of leaves will enhance maize breeding programs and help to develop maize hybrids that respond to the increasing human needs. The objectives of this current work were to study the inheritance of maize leaf traits. The objectives include the determination of the heritability in the broad sense and in the narrow sense of maize leaf length, leaf width and number of leaves of two maize genotypes, BLC and JNE. They also include the evaluation of the genotypic correlation between parents and offspring and the Pearson coefficients of correlation between the measured traits.
MATERIALS AND METHODS
Two genotypes of maize (Zea mays L.), BLC and JNE, are used in this study. The BLC genotype has translucent kernels, wider and longer leaves and taller plants. In contrast, the JNE genotype has yellow kernels, and comparatively smaller leaves. The F2 and F3 seed of the two genotypes, BLC and JNE, generated the four experimental populations used in this study. The seeds were planted in the Spring 2017, in a completely randomized factorial experiment at the experimental station of University Nangui Abrogoua, Abidjan, Côte d'Ivoire. Planting density and agricultural practices were done as described previously (Seka et al., 2019) . Plots were tagged with identification number that identified each parent and its progeny. At silking, the day when about 50% of the plants in a plot developed silks, randomly sampled plants were used to obtain plant height as the length of the plant from the soil surface to the tip of the male inflorescence. The number of leaves was determined by counting nodes. We measured ear leaf length and maximum ear leaf width, and computed leaf area as suggested previously (Cross, 1991) . These metrics were used to conduct a multivariate analysis of variance (MANOVA). The mean vectors of the levels of a factor (genotype) that were significantly different were used in a canonical discriminant analysis to further explain how they were different and which features, or phenotypic traits, best distinguished the levels of the factor. We supplemented with an analysis of variance for each measured canopy trait. The components of variance from the expected mean-squares of the analysis of variance helped to identify the genotypic and phenotypic variances (Hanson, 1963; Searle et al., 2006) for the three leaf traits (Table A1 ).
The heritability in the broad sense, H, as the ratio of the genotypic variance ( (Falconer, 1989) . The parameter H is distributed on the unit interval and a candidate density function for H is the Beta (shape 1, shape 2) density function. A significance test for this parameter was based on simulation using the method of moments and a critical value was obtained for the level of probability
Other methods for finding a critical value for the significance of H were also explored. Those methods included the algebraic evaluation of a function of
, and a consideration of the ninety-fifth percentile of simulated ten thousand random variables based on that transformation of
The heritability in the broad sense has been termed the degree of genetic determination (Falconer, 1989) . And for the remainder of the text, we will refer to H as degree of genetic determination to avoid any confusion with the heritability in the narrow sense which is the true indicator of heredity. The heritability in the narrow sense, or simply heritability, 2 h , is the ratio of the additive genetic variance ( 2 a  ) to the phenotypic variance,
It is the proportion of phenotypic variation that is due to additive genetic values (Holland et al., 2003; Hallauer and Miranda, 1981; Hanson, 1963 ). An equivalent statement of heritability is the ratio of the genetic covariance of offspring and parents ) , ( O P Cov to the variance of parents ) (P Var (Falconer, 1989) , 
RESULTS

Means and distribution of maize leaf traits
The multivariate analysis of variance indicates highly significant differences (p < 0.01) between genotypes for all the measured traits except number of leaves. The BLC genotype shows wider and longer leaves ( Table 1) . As a result, leaf area (la) per plant is significantly higher (p < 0.01) for the BLC genotype than the JNE genotype. In addition, plants from the BLC genotype are significantly taller than plants from the JNE genotype (p < 0.01). Leaf width of F3 and F4 plants from the BLC genotype are not significantly different. However, leaves of the F4 plants from the JNE genotype are wider than leaves of the F3 plants (p < 0.05). In addition, parents and offspring are significantly different for all measured leaf traits when Seka et al. 43 averaged across genotypes. The results show that the collection of seed from F3 plants based on the look of the plants significantly augmented leaf traits, resulting in an increase of leaf area per plant. We complemented the multivariate analysis of variance with a canonical discriminant analysis. In this second analysis, we used the two variables, leaf length and leaf width, that show significant differences between the two genotypes in the MANOVA test. These two traits considered together provide the best basis for discriminating between the two genotypes. In general the BLC genotype has longer and wider leaves than the JNE genotype, and corroborates the results observed with the MANOVA test. However, they do not form distinct groups. The distributions of leaf length and leaf width of the two genotypes overlap.
The density plots of the distributions of leaf length and leaf width for the two genotypes are given in Figure 1 . The distribution of leaf width as shown in the first panel of Figure 1 shows that leaf width of the JNE genotype has a platykurtic distribution compared to the distribution of leaf width of the BLC genotype that is relatively leptokurtic. More width measurements had values concentrated around the mean, giving a taller density plot for the BLC genotype. The center of the distribution for the BLC genotype was to the right. The BLC genotype has wider leaves. The distribution of leaf length is presented in the second panel of Figure 1 . The distributions appear to have the same shape. However, the center of the density plot for the BLC genotype moved to the right and is slightly higher than the JNE genotype. It shows that the BLC genotype has relatively longer leaves, than the JNE genotype. More leaves have length concentrated around the mean leaf length. The two traits, leaf length and leaf width, resulted in a significantly higher leaf area for the BLC genotype. The larger leaf surface area for the BLC genotype can be interpreted as having a larger exposure to sunlight energy, and possibly, increased capture of carbon dioxide and higher rate of photosynthesis.
Heritability of maize leaf traits
The estimates of heritability for the three traits are reported in Table 2 . The broad-sense heritability, H , is referred to as degree of genetic determination. It is the ratio of the genotypic variance,
The degree of genetic determination is the proportion of the phenotypic variance that is attributable to genotypic variation. The genotypic variation is caused by the effects of the additive actions of the genes, the effect of dominance at different loci, and the interaction between the genes also called epistasis, , 2 2 2 2 e d a G        (Falconer, 1989) .
The denominator is given by Table 1 . Mean values of leaf width (lw), leaf length (ll), leaf number (ln), total leaf area (la), and plant height of two F3 and F4 maize strains.
Factor
Levels of factor lw (cm ) ll (cm) ln (cm) la (cm) Height (cm)
Generation F3 is the error variance (Wolie et al., 2013; Falconer, 1989; Lamkey and Halauer, 1987) . And in replicated trials, the denominator becomes
with r denoting the number of replications (Gitonga et al., 2014; Holland et al., 2003; Hanson, 1963) . Therefore H generally overestimates the true contribution of heredity in the spread of the phenotypes for a specific trait. In a single environment, the degree of genetic determination is: (Table 3) , respectively. Based on those two critical values, leaf width of both the BLC and the JNE genotypes have significant estimates of the degree of genetic determination. Based on the fitted Beta (shape 1, shape 2) distribution, the critical value is 0.8777 and none of the estimates of the degree of genetic determination is significant. Despite the high values observed for the estimates of the degree of genetic determination, the contribution through heredity is quite low due to the fact that unquantified effects from other sources such as epistatic and environmental effects are compounded in the reported estimates.
The narrow-sense heritability is defined as the true heritability and is referred to as heritability in this paper. It is the statistic that measures the genetic advances through selection. It is given by the ratio of the additive variance, , 2 a  to the phenotypic variance, and is , 2 2 2 P a h    (Falconer, 1989) . The heritability measures the effects of genes transmitted from parents in the expression of the phenotypes, or the degree of resemblance between parents and offspring. The heritability is also given as the ratio of the covariance between parents and offspring to the variance of the (Falconer, 1989) . The estimates of heritability vary from 0.20 for number of leaves of the BLC genotype to 0.44 for leaf width of the BLC genotype (Table 2) . Based on the analysis of the parent-offspring regression, only estimates for leaf length and leaf width of the BLC and JNE genotypes are significant. The coefficients of genotypic correlation between parents and offspring ranged from 0.45 for number of leaves of the BLC genotype to 0.66 for leaf width of the BLC genotype. It should not surprise that only the leaf length and the leaf width of both the BLC and the JNE genotypes are significant. The pvalue for testing the hypothesis 0 :   Ho is the same as the p-value for the hypothesis 0 :   Ho . Based on the estimates of heritability, gain from selection is likely to be achieved much easily for the traits leaf width and leaf length compared to number of leaves.
Correlation between plant height and leaf traits
The correlation analysis indicates low to moderate coefficients of correlation. The correlations between plant height and all three leaf traits are highly significant. The correlations between plant height and leaf length (r =0.43**) and plant height and number of leaves (r = 0.42**) are the strongest. Taller plants have relatively greater number and longer leaves. In addition, they have wider leaves. Plant with longer leaves also have wider leaves (r = 0.37**). Leaf length is not correlated with number of leaves (Table 4) .
DISCUSSION
The study of the distribution of the three leaf traits shows that leaf length and leaf width have large variations compared to number of leaves. Significant differences are observed for those two traits. The curves of the distributions of leaf length and leaf width indicate that, on the average, the BLC genotype has larger and longer leaves than the JNE genotype. But the number of leaves does not vary much between genotypes and between parents and offspring. The estimates of degree of genetic determination, also known in the literature as heritability in the broad sense, are high. They are all greater than 0.50. Estimates of degree of genetic determination reported elsewhere are also very high. For example, in a genetic study on cotton varieties, Gossypium hirsutum, the computed estimates of degree of genetic determination are greater than 0.99 (Ahsan et al., 2015) . In a work on tetraploid rose, Rosa x hybrida, the estimates are between 0.40 for number of side shoot and 0.96 for number of petals (Gitonga et al., 2014) . And the reported estimates of the degree of genetic determination are between 0.49 for harvest index and 0.99 for lodging in finger millet, Eleusine coracana (Wolie et al., 2013) . The degree of genetic determination is a broad measure of heritability. And the generally high estimate may be due to the fact that it includes other components such as dominance, epistatic and environmental variances that are compounded in its estimation. In addition, traits such as leaf length, leaf width and number of leaves are quantitative in nature. They are polygenic traits, and they are very sensitive to the environment, particularly planting density, agricultural practices, and bioclimatology that greatly contribute to the overestimation of the degree of genetic determination. Therefore, the high estimate of degree of genetic determination does not necessarily mean a great hereditary contribution. But, that parameter of inheritance is often used in modern genetic and genomic analyses (Visscher et al., 2008) . That makes it very compelling to have a test of significance for the degree of genetic determination. It is mentioned that an estimate of the degree of genetic determination that is very high, greater than 0.8, may indicate that the phenotype is a true expression of the genotype; therefore a genetic gain may be achieved from selection (Singh, 2001) . However, because that rule-of-thumb benchmark cannot be applied to all situations and experimental works, we propose the determination of a critical value and a critical region for the degree of genetic determination based on either the reciprocal of the Snedecor's F (for F > 1) that depends on its degrees of freedom or the Beta distribution (for 0 < H < 1) that depends on its shape parameters. In this study, the three computed critical values ranged from 0.7504 to 0.8777 and they do not deviate too much from the suggested benchmark. Heritability in the narrow sense is simply called heritability (Falconer, 1989) . This parameter is a true measure of heredity. It measures the effect of additive genes transmitted from the parents to the progeny. The estimates of heritability vary from a low of 2 h = 0.20 to a moderate value of 2 h = 0.44. They are determined with the regression of offspring on parents. The estimates obtained in this study are within the range of previously reported estimates of heritability for kernel hardness in wheat, Triticum aestivum (Seka and Frohberg, 2016) , and for yield traits in wheat (Eid, 2009) , where the method of parent-offspring regression was used. The use of the restricted maximum likelihood method in the estimation of heritability produced a moderately high estimate for the softening rate of apple (Malus domestica) fruits (Iwanami et al., 2008) . Because the estimation of heritability uses the regression method in this study, test of significance is based on the t distribution with its degree of freedom, and we do not need to elaborate on the test as it is found in most statistics books. The genotypic correlation between parents and offspring is given as the square-root of the heritability. An equivalent t-test for significance of the coefficient of genotypic correlation yields the same p-value as the significance test of heritability. Only leaf width and leaf length of both the BLC and the JNE genotypes have significant estimates of heritability and coefficients of genotypic correlation between parents and offspring. Computation of the Pearson coefficients of correlation between plant height, leaf length, leaf width and number of leaves gives low to moderate values. But all the coefficients are highly significant except the correlation between number of leaves and leaf length.
Conclusion
Estimates of heritability were significantly high for leaf width and leaf length indicating that the proportion of phenotypic variation that is due to additive genetic values was considerable for those two traits. In addition, those two traits showed significant differences between the two genotypes in the analysis of variance. Besides, the canonical discriminant analysis showed that those two traits were mostly responsible for distinguishing the two genotypes. Under the same growing conditions, leaf number did not vary significantly between the two genotypes and from one generation to the next except when averaged across genotypes. Sunlight energy and carbon dioxide enter the cycle of production of organic molecules from the plant leaf surface. Understanding the genetics of the canopy traits would certainly lead to a more efficient production of assimilate and increased yield. The computed degree of genetic determination was generally very high. Given, its frequent use in the determination of heritability in modern genetic and genomic researches, it becomes necessary to develop a significance test for proper inferences.
